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(54) Improved startup methods and apparatuses for use in streaming content

(57) Methods and apparatuses are provided for use
with a client and server device connected through a
communication link. The client device sends a startup
request to the server device. The startup request iden-
tifies a streamable media content that is to be provided
to the client device, a communication link bandwidth as-
sociated with the communication link, and an amount of
the desired streamable media content that is to be pro-
vided at a bitrate greater than the encoded bitrate but
no greater than about the communication link band-
width. The server device buffers at least the amount of

the streamable media content, and transmits the
amount of the buffered streamable media content at the
higher bitrate. The server device locates a discrete ren-
dering point in the amount of the buffered streamable
media content and initiates transmission beginning with
the discrete rendering point. After transmitting the
amount of the buffered streamable media content, the
server device transmits subsequent portions of the
streamable media content to the client device at a bitrate
about equal to the encoded bitrate. The client device
buffers received streamable media content, and subse-
quently renders the buffered streamed media content.
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Description

RELATED APPLICATIONS

[0001] The present application is related to co-pend-
ing U.S. Patent Application No. 09/636,004, filed August
9, 2000, and titled "Fast Dynamic Measurement of Con-
nection Bandwidth", which is incorporated by reference
herein.

TECHNICAL FIELD

[0002] The present invention relates generally to
streaming media devices, and more particularly to meth-
ods and apparatuses that provide improved end-user
startup times when streaming content.

BACKGROUND

[0003] Today, nearly every computer user is well ac-
customed to the broadcast television medium. When a
new television channel is requested, the new channel is
generally displayed (rendered) very quickly. The same
can be said for conventional broadcast radio stations.
[0004] Unfortunately, the same cannot be said for
conventional Internet streamed content. Streaming me-
dia is typically provided from a server device to a client
device over the Internet or other like network. For a va-
riety of technical reasons, the end-user experience can
be degraded, for example, by pauses experienced in the
rendering due to late-arriving/resent data. Such pauses,
however, tend to occur randomly and in certain config-
urations occur very rarely. However, there is one pause
that most end-users experience every time they select
a streaming media program, namely, a slow startup
time.
[0005] This poor startup experience tends to inhibit
the adoption of streaming media in many markets. It is
also tends to reduce the amount of time end-users are
willing to use the technology. Thus, channel "surfing" is
largely unacceptable with conventional streaming tech-
niques. Hence, there is a need for improved streaming
media methods and apparatuses that can significantly
reduce the startup time that the end-user experiences.

SUMMARY

[0006] In accordance with certain aspects of the
present invention, improved streaming media methods
and apparatuses are provided that significantly reduce
the startup time that the end-user experiences.
[0007] By way of example, the above stated needs
and others are met by a system in accordance with cer-
tain implementations of the present invention. The sys-
tem includes a client device and a server device, which
are operatively connected through a communication
link. The client device is configured to send at least one
startup request to the server device over the communi-

cation link. The startup request identifies a streamable
media content that is to be provided to the client device,
a communication link bandwidth associated with the
communication link, and an amount of the desired
streamable media content that is to be provided at a bi-
trate greater than the encoded bitrate, but no greater
than about the communication link bandwidth. The serv-
er device is configured to buffer at least the amount of
the streamable media content and transmit the amount
of the buffered streamable media content at the higher
bitrate. After transmitting the amount of the buffered
streamable media content, the server device transmits
subsequent portions of the streamable media content to
the client device at a bitrate about equal to the encoded
bitrate. The client device is configured to buffer received
streamable media content, and subsequently render the
buffered streamed media content.
[0008] In accordance with certain implementations,
the server device locates a discrete rendering point in
the amount of the buffered streamable media content
and initiates transmission beginning with the discrete
rendering point.
[0009] In accordance with certain further implemen-
tations, the client device determines the communication
link bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete understanding of the various
methods and apparatuses of the present invention may
be had by reference to the following detailed description
when taken in conjunction with the accompanying draw-
ings wherein:

Fig. 1 is a block diagram depicting an exemplary
device, in the form of a computer, which is suitable
for use in providing, receiving, and/or otherwise
communicating streamed media, in accordance
with certain implementations of the present inven-
tion.
Fig. 2 is a block diagram depicting an exemplary
streaming media system having a server device and
a client device, in accordance with certain imple-
mentations of the present invention.
Fig. 3 is an illustrative diagram depicting an exem-
plary content stream, suitable for streaming in the
streaming media system of Fig. 2, in accordance
with certain implementations of the present inven-
tion.
Fig. 4 is a flow diagram depicting an exemplary cli-
ent-centric media streaming process suitable for
use in the client device of Fig. 2, in accordance with
certain implementations of the present invention.
Fig. 5 is a flow diagram depicting an exemplary fast
startup media streaming process suitable for use in
the server device of Fig. 2, in accordance with cer-
tain implementations of the present invention.
Fig. 6 is a time line diagram depicting the transmis-
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sion data bitrate for an exemplary fast startup
streaming media transmission associated with the
streaming media system of Fig. 2, in accordance
with certain implementations of the present inven-
tion.

DETAILED DESCRIPTION

[0011] Turning to the drawings, wherein like reference
numerals refer to like elements, the invention is illustrat-
ed as being implemented in a suitable computing envi-
ronment. Although not required, portions of the inven-
tion are described in the general context of computer-
executable instructions, such as program modules, be-
ing executed by a computer or like device, which, for
example, may take the form of a personal computer
(PC), a workstation, a portable computer, a server, a plu-
rality of processors, a mainframe computer, a wireless
communications base station, a hand-held communica-
tions device, a streamed media player, a set-top box,
etc.
[0012] Generally, program modules include routines,
programs, objects, components, data structures, etc.
that perform particular tasks or implement particular ab-
stract data types. The various exemplary implementa-
tions of the present invention may also be practiced in
distributed computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed
computing environment, program modules may be lo-
cated in both local and remote memory storage devices.
[0013] As provided herein, the term "logic" is meant
to apply to any form of logic and requisite supporting
elements, including, e.g., software, firmware, hardware,
and/or any combination thereof.
[0014] Fig.1 illustrates an example of a suitable com-
puting environment 120 on which portions of the subse-
quently described methods and apparatuses may be im-
plemented.
[0015] Exemplary computing environment 120 is only
one example of a suitable computing environment and
is not intended to suggest any limitation as to the scope
of use or functionality of the improved methods and ap-
paratuses described herein. Neither should computing
environment 120 be interpreted as having any depend-
ency or requirement relating to any one or combination
of components illustrated in computing environment
120.
[0016] The improved methods and apparatuses here-
in are operational with numerous other general purpose
and/or special purpose computing system environ-
ments or configurations.
[0017] As shown in Fig. 1, computing environment
120 includes a general-purpose computing device in the
form of a computer 130. The components of computer
130 may include one or more processors or processing
units 132, a system memory 134, and a bus 136 that
couples various system components including system

memory 134 to processor 132.
[0018] Bus 136 represents one or more of any of sev-
eral types of bus structures, including a memory bus or
memory controller, a peripheral bus, an accelerated
graphics port, and a processor or local bus using any of
a variety of bus architectures. By way of example, and
not limitation, such architectures include Industry Stand-
ard Architecture (ISA) bus, Micro Channel Architecture
(MCA) bus, Enhanced ISA (EISA) bus, Video Electron-
ics Standards Association (VESA) local bus, and Pe-
ripheral Component Interconnects (PCI) bus also
known as Mezzanine bus.
[0019] Computer 130 typically includes a variety of
computer readable media. Such media may be any
available media that is accessible by computer 130, and
it includes both volatile and non-volatile media, remov-
able and non-removable media.
[0020] In Fig. 1, system memory 134 includes com-
puter readable media in the form of volatile memory,
such as random access memory (RAM) 140, and/or
non-volatile memory, such as read only memory (ROM)
138. A basic input/output system (BIOS) 142, containing
the basic routines that help to transfer information be-
tween elements within computer 130, such as during
start-up, is stored in ROM 138. RAM 140 typically con-
tains data and/or program modules that are immediately
accessible to and/or presently being operated on by
processor 132.
[0021] Computer 130 may further include other re-
movable/non-removable, volatile/non-volatile computer
storage media. For example, Fig. 1 illustrates a hard
disk drive 144 for reading from and writing to a non-re-
movable, non-volatile magnetic media (not shown and
typically called a "hard drive"), a magnetic disk drive 146
for reading from and writing to a removable, non-volatile
magnetic disk 148 (e.g., a "floppy disk"), and an optical
disk drive 150 for reading from or writing to a removable,
non-volatile optical disk 152 such as a CD-ROM, CD-R,
CD-RW, DVD-ROM, DVD-RAM or other optical media.
Hard disk drive 144, magnetic disk drive 146 and optical
disk drive 150 are each connected to bus 136 by one or
more interfaces 154.
[0022] The drives and associated computer-readable
media provide nonvolatile storage of computer readable
instructions, data structures, program modules, and oth-
er data for computer 130. Although the exemplary envi-
ronment described herein employs a hard disk, a remov-
able magnetic disk 148 and a removable optical disk
152, it should be appreciated by those skilled in the art
that other types of computer readable media which can
store data that is accessible by a computer, such as
magnetic cassettes, flash memory cards, digital video
disks, random access memories (RAMs), read only
memories (ROM), and the like, may also be used in the
exemplary operating environment.
[0023] A number of program modules may be stored
on the hard disk, magnetic disk 148, optical disk 152,
ROM 138, or RAM 140, including, e.g., an operating sys-
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tem 158, one or more application programs 160, other
program modules 162, and program data 164.
[0024] The improved methods and apparatuses de-
scribed herein may be implemented within operating
system 158, one or more application programs 160, oth-
er program modules 162, and/or program data 164.
[0025] A user may provide commands and informa-
tion into computer 130 through input devices such as
keyboard 166 and pointing device 168 (such as a
"mouse"). Other input devices (not shown) may include
a microphone, joystick, game pad, satellite dish, serial
port, scanner, camera, etc. These and other input de-
vices are connected to the processing unit 132 through
a user input interface 170 that is coupled to bus 136, but
may be connected by other interface and bus structures,
such as a parallel port, game port, or a universal serial
bus (USB).
[0026] A monitor 172 or other type of display device
is also connected to bus 136 via an interface, such as
a video adapter 174. In addition to monitor 172, personal
computers typically include other peripheral output de-
vices (not shown), such as speakers and printers, which
may be connected through output peripheral interface
175.
[0027] Computer 130 may operate in a networked en-
vironment using logical connections to one or more re-
mote computers, such as a remote computer 182. Re-
mote computer 182 may include many or all of the ele-
ments and features described herein relative to compu-
ter 130.
[0028] Logical connections shown in Fig. 1 are a local
area network (LAN) 177 and a general wide area net-
work (WAN) 179. Such networking environments are
commonplace in offices, enterprise-wide computer net-
works, intranets, and the Internet.
[0029] When used in a LAN networking environment,
computer 130 is connected to LAN 177 via network in-
terface or adapter 186. When used in a WAN networking
environment, the computer typically includes a modem
178 or other means for establishing communications
over WAN 179. Modem 178, which may be internal or
external, may be connected to system bus 136 via the
user input interface 170 or other appropriate mecha-
nism.
[0030] Depicted in Fig. 1, is a specific implementation
of a WAN via the Internet. Here, computer 130 employs
modem 178 to establish communications with at least
one remote computer 182 via the Internet 180.
[0031] In a networked environment, program modules
depicted relative to computer 130, or portions thereof,
may be stored in a remote memory storage device.
Thus, e.g., as depicted in Fig. 1, remote application pro-
grams 189 may reside on a memory device of remote
computer 182. It will be appreciated that the network
connections shown and described are exemplary and
other means of establishing a communications link be-
tween the computers may be used.
[0032] Reference is now made to Fig. 2, which depicts

an exemplary streaming media system 200 having a
server device 202 operatively coupled to a network 204
and configured to stream media there over to a client
device 206 that is also operatively coupled to network
204.
[0033] Streaming media system 200 is arranged in a
client-centric configuration in which client device 204 se-
lects a streaming media program on server device 202,
specifies that a particular fast startup is desired, and pro-
vides information to server device 202 about the com-
munication link over which the streaming media will be
carried. In this manner, client device 204 is able to con-
trol the streaming media process and server device 202.
As described in greater detail below, in controlling the
streaming media the client device 204 causes server de-
vice 202 to stream media during an initial period of time
at data bitrate that is greater than the media's encoded
bitrate. This allows client device 204 to quickly receive
data and begin the rendering process sooner.
[0034] This is unlike previous server-centric solutions
used to provide video on-demand, such as, for example,
the system and method presented in U.S. Patent No.
5,963,202, issued to Nathaniel Polish. In such server-
centric systems, the server device, rather than the client
device, has control over a video data transfer. Thus, for
example, a server needs to determine how much video
data can be transferred over the communication link and
when to transfer it during the progressive download.
One of the drawbacks to a server-centric system is that
the server is required to monitor, for every client device,
the status of the communications link and data buffers
in the client device. While a progressive video download
technique may be efficient for an in-home or hotel video-
on-demand system, it would likely prove inefficient in a
larger network environment, such as, for example, the
Internet, a corporate intranet, a wide area network, a
wireless network, etc.
[0035] Returning to Fig. 2, as depicted, server 202 in-
cludes a media server 208. Media server 208 includes
fast startup logic 210 and is operatively coupled to a
buffer 212. As shown, in this example, media server is
operatively coupled to a first interface 214 that provides
access to a media storage device 216. Media sever 208
is further operatively coupled to a second interface 218
that provides access to a broadcast media device 220
(represented by a video camera). Media server 208 is
operatively coupled to network 204 through a third in-
terface 222. It is recognized that in other implementa-
tions interfaces 214, 218 and/or 222 may be combined
in some manner.
[0036] As its name suggests, media server 208 is con-
figured to serve or otherwise provide streaming media
to client device 206. To accomplish this task, media
server 208 exchanges information with client device 206
through interface 222 and network 204. The techniques
and protocols used to provide communications between
server device 202 and client device 206 are well known
and therefore will not be described in to great of detail.
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[0037] Media server 208 identifies the availability of
streaming media programs to client device 206. In this
example, media server 208 accesses/receives stream-
ing media programs from two sources, namely media
storage device 216 and broadcast media device 220.
Media storage device 216 is representative of a data
storage device, such as, for example, one or more mag-
netic disk drives, one or more optical disc drives, and
the like. Here, media storage device 216 is configured
to allow media server 208 to stream media "on-demand"
to client device 206. As used herein, "on-demand"
means that the media is stored in media storage device
216, and has since then been made available for
streaming and replay at subsequent times. Thus, for ex-
ample, an earlier news program may be recorded and
stored in its entirety on media storage device 216 and
subsequently made available on-demand.
[0038] To the contrary, broadcast media device 220 is
representative of media that has not been significantly
stored, and certainly not in its entirety. An example
would be a news program that is being aired in real-time
or near real-time. Such a media program would not,
therefore, be available on-demand. When client device
206 selects this broadcast media stream, the streaming
media will "jump" into the news program at about the
point where it is being aired.
[0039] Buffer 212 is used by media server 208 to tem-
porarily store media data in support of the streaming
process. Buffer 208 would typically include random ac-
cess memory.
[0040] As shown, client device 206 includes a media
client 224. Media client 224 is configured to support the
selection, receipt and rendering of streaming media
from server device 202 via interface 232 and network
204. To further accomplish its tasks, media client 224
includes fast startup logic 226 and renderer 228. Media
client 224 is also operatively coupled to a buffer 230.
Buffer 230 typically includes random access memory.
Renderer 228 is configured to process the streamed
media data and render the data as applicable for client
device 206 and the received media. Rendering process-
es are well known, and the details of such are beyond
the scope of the present invention.
[0041] With this exemplary streaming media system
in mind, this detailed description will now focus on the
functionality of media client 224 and fast startup logic
210 in server device 202 and corresponding fast start
logic 226 in client device 206.
[0042] Media client 224 requires buffering of the
streaming data for a variety of reasons. For example,
buffering allows client device 206 to request and suc-
cessfully obtain retransmissions when content packets
are lost without impacting continuous playback. Buffer-
ing also allows playback to be smooth on networks that
have jitter or inconsistent bandwidth response. Highly
efficient compression technology often requires a signif-
icant duration of content (e.g., an entire frame or more)
to be present on the client before decompression can

begin. All of these issues contribute to the necessity of
buffering content by media client 224.
[0043] Depending on the compression technology
and the content type, buffering can vary anywhere from
less than 1 second to many seconds. Certain conven-
tional media players, for example, buffer roughly five
seconds worth of content before allowing any rendering
to begin. Because conventional streaming media serv-
ers are designed to deliver the content at the encoded
bitrate, the end-user will have to wait at least five sec-
onds for the buffers to fill and rendering to begin.
[0044] Since broadcast media is typically already run-
ning when most client devices connect, a client device
may be required to wait before even beginning the buff-
ering process. With typical compression technologies in
use today, for example, buffering needs to start at cer-
tain discrete points in the stream. When an individual
client device subscribes to a conventional broadcast
stream, it will need to wait for one of these discrete
points to appear in the stream before even starting the
buffering process. The frequency of the discrete points
can vary dramatically depending on the compression
technology used, the content type, and even the content
characteristics. These discrete buffering points can vary
in frequency from several times a second to as little as
once every sixteen seconds or less.
[0045] Given that a conventional streaming media cli-
ent must first wait to find a discrete entry point and then
wait for the buffers to fill, the user often experiences sig-
nificant delay when attempting to start rendering a
streaming media broadcast. In accordance with certain
aspects of the present invention, methods and appara-
tuses are provided that tend to significantly reduce the
time required to fill the client device's buffer(s) and ulti-
mately allow rendering to begin faster for both broadcast
and on-demand content. Thus, for example, in certain
exemplary implementations, additional available net-
work bandwidth is utilized to accelerate the streaming
of content and as such fill the client device's buffer(s)
faster. Hence, the term fast startup.
[0046] In accordance with certain aspects of the
present invention, the various fast startup methods and
apparatuses can be implemented by extending the us-
age/syntax of conventional streaming protocols, such
as, for example, Microsoft Media Server (MMS), Real
Time Streaming Protocol (RTSP), HyperText Transfer
Protocol (HTTP), and the like.
[0047] Co-pending U.S. Patent Application No.
09/636,004, filed August 9, 2000, and titled "Fast Dy-
namic Measurement of Connection Bandwidth", which
is incorporated by reference herein, describes, in great-
er detail, techniques by which media client 224 can de-
termine the bandwidth present between client device
206 and server device 202, prior to requesting the actual
delivery of the streaming media. This bandwidth is
known as the link bandwidth.
[0048] Basically, the fast dynamic measurement of
connection bandwidth utilizes a single pair of packets to
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calculate bandwidth between client device 206 and
server device 202. This calculation is based upon a
packet-pair technique. This bandwidth measurement is
extremely quick. On its journey across network 204,
communication equipment and modems may compress
a packet. This compression shrinks the size of the pack-
et; thus, it can distort the bandwidth calculation using
such a shrunken packet. To avoid this distortion, the fast
dynamic measurement of connection bandwidth em-
ploys non-compressible packets. More specifically, it
employs highly entropic packets. Therefore, a packet
cannot be compressed during its journey. In addition, on
its journey across network 204, packets may be rerout-
ed, delayed, misrouted, and the like. These momentary
delays may result in a momentary bad bandwidth calcu-
lation. This problem is ameliorated by using a history list
(not shown) at media client 224 that keeps track of re-
cent measurements. Media client 224 can then deter-
mine the median value from the history list. That median
value is representative of the link bandwidth.
[0049] This represents one exemplary technique for
determining the link bandwidth. Those skilled in the art
will recognize that other techniques may be employed
to determine to some degree of certainty the link band-
width.
[0050] Media client 224 can use conventional proto-
col, such as, e.g., a session description protocol (SDP)
to communicate with media server 208 and identify the
location and characteristics of the available streaming
media.
[0051] In this manner, media client 224 is therefore
able to determine both the link bandwidth and also the
bandwidth of the individual stream(s) in the streaming
media program. As such, fast startup logic 226 in media
client 224 can request that the content be initially
streamed at a rate faster than the encoded bitrate of the
content. This request for fast startup is handled by fast
startup logic 210 in media server 208.
[0052] Assuming normal playback speed, streaming
the content at a rate greater than the encoded bitrate
implies that the amount of data in client buffer 230 will
increase in size over time. It is undesirable to continue
to stream the content at a rate faster than the encoded
bitrate of the content indefinitely, given the limited
amount of memory in buffer 230. Instead, client buffer
230 is sufficiently filled at the fast rate at the beginning
of the streaming process, and subsequently the stream-
ing rate changes to roughly match the encoded bitrate
of the media program (file). This design has the benefit
of using the additional link bandwidth to quickly fill client
buffer 230 without requiring additional memory in buffer
230.
[0053] Fast startup logic 210, within media server
208, is configured to respond to the fast startup request
by streaming the content at the faster rate. In the case
of broadcast media, such as a live video feed, fast star-
tup logic 210 temporarily stores a portion of the stream-
ing broadcast media to server buffer 212. In this manner,

new client devices connecting to server device 202 can
be sent content packets at a rate greater than the en-
coded bitrate of the broadcast stream.
[0054] Thus, for example, in certain implementations
if the content is encoded at 16 kbps, then fast startup
logic 210 will store the previous 10 seconds of the broad-
cast media in buffer 212. This exemplary buffering proc-
ess therefore requires 20 Kbytes of memory. As a result,
client devices that connect after the broadcast has start-
ed are able to request approximately up to about 10 sec-
onds of content at a rate much faster than 16 kbps.
[0055] This is just one example; in other implementa-
tions, the buffering process may store a longer or shorter
amount of the broadcast media in buffer 212.
[0056] Startup logic 210 is further configured to intel-
ligently decide where to start sending content packets
from buffer 212 as new clients connect to the broadcast.
For example, assume that a broadcast program is run-
ning and a new client connects to server 202. If startup
logic 210 has buffered the previous 10 seconds of con-
tent in buffer 212, then theoretically fast startup logic 210
can start sending content at roughly any point from time
ConnectTimeclientX-10 to ConnectTimeclientX.
[0057] However, starting the streaming of content at
the beginning of the 10 second buffer can be problem-
atic because the content residing at ConnectTimeclientX-
10 may not contain a discrete starting point as required
by media client 224. Typically, for certain types of
streamed content, media client 224 can only start ren-
dering the content at discrete points within the streamed
data, such as, for example, certain frame boundaries or
"key frames". By way of example, in MPEG streams, I
frames are key frames, P frames are not. See, for further
example, Fig. 3, which illustratively depicts a portion 300
of a media stream that includes two key frames 302 and
a plurality of other frames 304. As shown, there can be
a long rendering time period 306 between key frames
302.
[0058] Consequently, startup logic 210 is advanta-
geously configured to selectively scan through the buff-
ered content to locate, and/or otherwise identify/keep
track of, a discrete point at which to start the streaming
process for a new client device. Preferably, the discrete
point will be the earliest one in buffer 212.
[0059] Propagation latency is another factor for deter-
mining where to start sending content from the buffered
list. Since essentially old (i.e., buffered) content is sent
to new client devices, and the event may be a live broad-
cast, a time shift is introduced. The magnitude of the
time shift resulting from fast startup logic 210 (and media
server 208) is related to the amount of buffering done
as well as the starting point chosen for content sent to
new client devices.
[0060] Clients can randomly connect at any point dur-
ing a broadcast, and the 10 second buffer list used in
this example is constantly changing similar to a "water-
fall" or "sliding window". Therefore, the amount of con-
tent sent at a rate greater than the encoded bitrate and
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the starting point for transmission of content will vary
over time. Furthermore, since each client device may
have a different link bandwidth, the rate of the acceler-
ated transmission may vary too. Each client device may
even have different client-side buffer settings. All of
these factors imply that client devices will not be syn-
chronized during the rendering process.
[0061] If a client device connecting to server 202 does
not have considerable additional network bandwidth
available, sending the earliest usable point in the con-
tent buffer list may unnecessarily increase the propaga-
tion latency for that specific client device. Thus, server
device 202, and more particularly fast startup logic 210,
is configured to "balance" the need for minimizing the
startup time with the need for minimizing the propaga-
tion time. For example, to help balance the conflicting
requirements of minimizing propagation latency and
startup latency, logic similar to the following can be em-
ployed:

AccelDuration = RequestedAccelDuration -
( AccelRate * RequestedAccelDuration);
RequestedAccelDuration: The requested duration
of the acceleration.
AccelRate: The ratio of the (encoded bitrate of the
content) / (link bandwidth).
AccelDuration: The amount of content sent from the
server buffers.

[0062] The above exemplary logic essentially reduc-
es the amount of "time-shifted" content sent from server
buffer 212 as the encoded bitrate of the content ap-
proaches the available link bandwidth.
[0063] For on-demand content, fast startup logic 210
is configured similar to the broadcast scenario except
that there is no existing buffer when client device 206
connects. Therefore, fast startup logic 210 builds a buff-
er list quickly to satisfy the fast startup request. This is
possible because a typical media storage device 216 is
capable of delivering the on-demand content at a rate
that is much faster than what client device 206 is re-
questing.
[0064] In certain exemplary implementations, the ac-
tual protocol mechanism used by client device 206 to
request the accelerated buffering involves the use of
headers. By way of example, for the RTSP protocol, a
header "X-Accelerate-Streaming" is defined, which is
used with the PLAY command. This header includes in-
formation regarding the client request for the duration of
the acceleration and also the bandwidth to use for the
acceleration. For example, "AccelDuration=10000;Ac-
celBandwidth=1048576" might be included in a typical
"X-Accelerate-Streaming" header by the client. This
would inform the server that the client wishes to have
10,000 ms worth of content accelerated at a rate of
1,048,576 bits/s.
[0065] With the HTTP protocol, for example, client
fast startup logic 226 can use directives in the commonly

used PRAGMA header in the GET command to specify
the fast startup parameters. The text below shows the
contents of a sample PRAGMA header in a GET request
asking for fast startup.

"LinkBW=2147483647, AccelBW=1048576, Ac-
celDuration=10000"
[0066] In this exemplary request, the client fast start-
up logic 226 is informing server fast startup logic 210
that the link bandwidth is 2,147,483,647 bits/s, but it only
wants the content accelerated at a rate of 1,048,576
bits/s for a duration of 10,000 ms.
[0067] Reference is now made to Fig. 4, which is a
flow diagram depicting a process 400 suitable for use in
client device 206. In step 402, media client 224 connects
to media server 208. In step 404, fast startup logic 226
determines the link bandwidth, for example as de-
scribed above. In step 406, media client 224 asks the
media server 210 for information about the available
streamable content, including the bandwidth of individ-
ual content streams.
[0068] In step 410, fast startup logic 226 requests
streamable content from fast startup logic 210. In step
410, fast startup logic 226 selects the initial fast stream-
ing bitrate and the subsequent slower streaming bitrate.
Fast startup logic 226 also determines an amount of
streamed media that is to be sent at the initial fast
streaming bitrate.
[0069] For example, based on buffer 230 settings, the
link bandwidth, and the encoded bitrate of the content,
fast startup logic 226 can decide whether to submit a
request to accelerate the transmission of content in or-
der to fill buffer 230 quickly. If client device 206 decides
to request fast startup, custom header syntax can be
added to the final command that initiates the delivery of
content from server device 202.
[0070] Thereafter, in step 410, media client 224 be-
gins receiving streamed content from media server 208.
In step 412, a beginning portion of the content is re-
ceived at the initial faster streaming bitrate, which is
greater than the encoded bitrate. Subsequently, in step
414, further portions of the streamed content are re-
ceived at the slower streaming bitrate, which is about
equal to the encoded bitrate.
[0071] Reference is now made to Fig. 5, which is a
flow diagram depicting a process 500 suitable for use in
server device 202. In step 502, media server 208 proc-
esses a client connect request, and responds to client
requests for information about the streamable content.
In step 504, fast startup logic 210 responds to a received
request from client device 206 for streaming media with
fast startup. In step 506, if the requested streamable
content is on-demand content, then fast startup logic
210 attempts to satisfy the fast startup request by fetch-
ing the necessary content from media storage device
216.
[0072] Alternatively, if the requested streamable con-
tent includes broadcast content, then, in step 508, fast
startup logic 210 uses the fast startup parameters re-

11 12



EP 1 271 953 A2

8

5

10

15

20

25

30

35

40

45

50

55

ceived from fast startup logic 226 to determine at what
point in the broadcast content the content can begin
streaming from buffer 212. When possible, fast startup
logic 210 will preferably start the streaming at discrete
starting points in the buffer list so that media client 224
can immediately begin buffering useful content packets.
[0073] Next, in step 510, fast startup logic 210 initially
streams the applicable content at the faster streaming
bitrate, and subsequently, in step 512, at the lower
streaming bitrate.
[0074] Reference is now made to Fig. 6, which is a
time line graph 600 illustrating an exemplary transmis-
sion bitrate value 602 associated with a requested
streaming media program with fast startup. At time t0,
client device 206 requests the streaming media pro-
gram. In response server device 202 begins accessing
buffered content. At time t1, server device 202 begins
transmitting the content at a fast streaming bitrate. In
this example, at about time t2, client device 206 has re-
ceived and buffered enough streamed media to begin
rendering the content. At time t3, server device 202 has
delivered the requested amount of fast startup data re-
quested by client device 206. As such, the streaming
bitrate is reduced to about the encoded bitrate.
[0075] For example, assume that content packets
would normally be streamed at a fixed rate of about 56
kbps, even though the link bandwidth for the client de-
vice is about 700 kbps. In the fast startup scenario illus-
trated above, as requested, the content packets that
comprise about the first 10 seconds of the media can
be streamed at about the link bandwidth rate. Here, this
would take roughly 0.8 seconds. Thereafter, the remain-
ing content packets are streamed at the lower encoded
bitrate.
[0076] In this example, if the round trip time is reason-
ably short in duration, then media server 208 will begin
the fast startup stream about 0.1 seconds after the re-
quest is made. Media client 224 will have received about
5 seconds of the streaming media program at about 0.5
seconds following the initial request, and can begin ren-
dering at about that time. The requested 10 seconds of
fast startup streamed media will have been received at
about 0.9 seconds following the initial request. At that
time, renderer 228 will have rendered about 0.4 seconds
of content, and about 9.6 seconds of content will be
stored in buffer 230.
[0077] Thus, in this example, the startup time was re-
duced from over 5 seconds to less than about 1 second.
Furthermore, client device 206 will be able to maintain
about 10 seconds of buffered content. This additional
buffering allows client device 206 to avoid short pauses
due for example to jitter and other potentially longer net-
work brownouts, etc.
[0078] Although some preferred implementations of
the various methods and apparatuses of the present in-
vention have been illustrated in the accompanying
Drawings and described in the foregoing Detailed De-
scription, it will be understood that the invention is not

limited to the exemplary implementations disclosed, but
is capable of numerous rearrangements, modifications
and substitutions without departing from the spirit of the
invention as set forth and defined by the following
claims.

Claims

1. A method for use in a client device, the method com-
prising:

identifying streamable media content available
from a server device over a communication link,
said streamable media content having associ-
ated with it an encoded bitrate;
providing a startup request to said server de-
vice over said communication link, said startup
request identifying said streamable media con-
tent, a communication link bandwidth, and an
amount of said streamable media content to be
transmitted at a bitrate greater than said encod-
ed bitrate and no greater than about said com-
munication link bandwidth.

2. The method as recited in Claim 1, further compris-
ing:

while receiving said amount of said streamable
media content from said server device over
said communication link:

buffering said received streamable media,
and
subsequently rendering said buffered
streamed media.

3. The method as recited in Claim 2, wherein receiving
said amount of said streamable media content from
said server device over said communication link fur-
ther includes:

initially receiving streamed media content as-
sociated with a discrete rendering point.

4. The method as recited in Claim 3, wherein said dis-
crete rendering point includes a key frame.

5. The method as recited in Claim 1, wherein said
amount of said streamable media content identifies
an initial period of playback time.

6. The method as recited in Claim 1, wherein said
communication link bandwidth is actively deter-
mined by said client device.

7. The method as recited in Claim 1, wherein said
streamable media is selected from a group of
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streamable media comprising on-demand media
and broadcast media.

8. The method as recited in Claim 1, wherein identify-
ing said streamable media content available from
said server device includes transmitting at least one
session description protocol (SDP) message to said
server device.

9. The method as recited in Claim 1, wherein providing
said startup request to said server device includes
transmitting at least one message formatted ac-
cording to at least one streaming media protocol se-
lected from a group of protocols comprising MMS,
Real Time Streaming Protocol (RTSP), and Hyper-
Text Transfer Protocol (HTTP).

10. An apparatus for use in a client device, the appara-
tus comprising:

memory suitable for buffering streamable me-
dia content having associated with it an encod-
ed bitrate; and
logic operatively coupled to said memory and
configured to generate at least one startup re-
quest that identifies a desired streamable me-
dia content, a communication link bandwidth,
and an amount of said desired streamable me-
dia content that is to be provided at a bitrate
greater than said encoded bitrate but no greater
than about said communication link bandwidth.

11. The apparatus as recited in Claim 10, further com-
prising:

a communication interface operatively coupled
to said logic and configurable connect to a serv-
er device through a communication link, said
communication interface being further config-
urable to transmit said at least one startup mes-
sage to said server device and receive said
amount of said streamable media content from
said server device over said communication
link; and

wherein said logic is further configured to buff-
er said received streamable media in said memory,
and subsequently render said buffered streamed
media.

12. The apparatus as recited in Claim 11, wherein said
communication interface is configurable receive in-
itially streamed media content associated with a
discrete rendering point.

13. The apparatus as recited in Claim 12, wherein said
discrete rendering point includes a key frame.

14. The apparatus as recited in Claim 11, wherein said
logic is further configurable to identify said stream-
able media content available from said server de-
vice

15. The apparatus as recited in Claim 10, wherein said
amount of said streamable media content identifies
an initial period of playback time.

16. The apparatus as recited in Claim 10, wherein said
logic is configured to actively determine said com-
munication link bandwidth.

17. The apparatus as recited in Claim 10, wherein said
streamable media is selected from a group of
streamable media comprising on-demand media
and broadcast media.

18. A computer-readable medium comprising compu-
ter-executable instructions for:

identifying streamable media content available
from a server device over a communication link,
said streamable media content having associ-
ated with it an encoded bitrate;
providing a startup request to said server de-
vice over said communication link, said startup
request identifying said streamable media con-
tent, a communication link bandwidth, and an
amount of said streamable media content to be
transmitted at a bitrate greater than said encod-
ed bitrate and no greater than about said com-
munication link bandwidth.

19. The computer-readable medium as recited in Claim
18, further comprising computer-executable in-
structions for:

receiving said amount of said streamable me-
dia content from said server device over said
communication link;
buffering said received streamable media; and
subsequently rendering said buffered
streamed media.

20. The computer-readable medium as recited in Claim
19, wherein receiving said amount of said stream-
able media content from said server device over
said communication link further includes:

initially receiving streamed media content as-
sociated with a discrete rendering point.

21. The computer-readable medium as recited in Claim
20, wherein said discrete rendering point includes
a key frame.

22. The computer-readable medium as recited in Claim
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18, wherein said amount of said streamable media
content identifies an initial period of playback time.

23. The computer-readable medium as recited in Claim
18, further comprising computer-executable in-
structions for:

actively determining said communication link
bandwidth.

24. A method for use in a server device, the method
comprising:

identifying streamable media content available
to a client device over a communication link,
said streamable media content having associ-
ated with it an encoded bitrate;
receiving a startup request from said client de-
vice over said communication link, said startup
request specifying said streamable media con-
tent to be transmitted to said client, a commu-
nication link bandwidth, and an amount of said
streamable media content to be transmitted at
a bitrate greater than said encoded bitrate and
no greater than about said communication link
bandwidth.

25. The method as recited in Claim 24, further compris-
ing:

buffering at least said amount of said streama-
ble media content; and
transmitting said amount of said buffered
streamable media content to said client device
at said bitrate greater than said encoded bitrate
and no greater than about said communication
link bandwidth.

26. The method as recited in Claim 25, further compris-
ing:

after transmitting said amount of said buffered
streamable media content, transmitting subse-
quent portions of said streamable media con-
tent to said client device at a bitrate about equal
to said encoded bitrate.

27. The method as recited in Claim 25, wherein trans-
mitting said amount of said buffered streamable me-
dia content to said client device further includes:

locating a discrete rendering point in said
amount of said buffered streamable media con-
tent; and
initiating transmission of said amount of said
buffered streamable media content beginning
with said discrete rendering point .

28. The method as recited in Claim 27, wherein said
discrete rendering point includes a key frame.

29. The method as recited in Claim 25, wherein said
amount of said streamable media content identifies
an initial period of playback time.

30. The method as recited in Claim 25, wherein said
streamable media is selected from a group of
streamable media comprising on-demand media
and broadcast media.

31. An apparatus for use in a server device, the appa-
ratus comprising:

memory suitable for buffering streamable me-
dia content having associated with it an encod-
ed bitrate; and
logic operatively coupled to said memory and
configurable to respond in accord with to a star-
tup request, said startup request specifying
streamable media content to be provided to
said client, a communication link bandwidth as-
sociated with a communications link estab-
lished between said server device and said log-
ic, and an amount of said streamable media
content to be transmitted at a bitrate greater
than said encoded bitrate and no greater than
about said communication link bandwidth.

32. The apparatus as recited in Claim 31, wherein said
logic is configured to buffer at least said amount of
said streamable media content in said memory, and
transmit said amount of said buffered streamable
media content to said client device at said bitrate
greater than said encoded bitrate but no greater
than about said communication link bandwidth.

33. The apparatus as recited in Claim 32, wherein said
logic is further configured to, after transmitting said
amount of said buffered streamable media content,
transmit subsequent portions of said streamable
media content to said client device at a bitrate about
equal to said encoded bitrate.

34. The apparatus as recited in Claim 32, wherein, in
transmitting said amount of said buffered streama-
ble media content to said client device said logic lo-
cates a discrete rendering point in said amount of
said buffered streamable media content and initi-
ates transmission of said amount of said buffered
streamable media content beginning with said dis-
crete rendering point .

35. The apparatus as recited in Claim 34, wherein said
discrete rendering point includes a key frame.

36. The apparatus as recited in Claim 31, wherein said
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amount of said streamable media content identifies
an initial period of playback time.

37. The apparatus as recited in Claim 31, wherein said
streamable media is selected from a group of
streamable media comprising on-demand media
and broadcast media.

38. A computer-readable medium comprising compu-
ter-executable instructions for:

identifying streamable media content available
to a client device over a communication link,
said streamable media content having associ-
ated with it an encoded bitrate;
receiving a startup request from said client de-
vice over said communication link, said startup
request specifying said streamable media con-
tent to be transmitted to said client, a commu-
nication link bandwidth, and an amount of said
streamable media content to be transmitted at
a bitrate greater than said encoded bitrate and
no greater than about said communication link
bandwidth.

39. The computer-readable medium as recited in Claim
38, further comprising computer-executable in-
structions for:

buffering at least said amount of said streama-
ble media content; and
transmitting said amount of said buffered
streamable media content to said client device
at said bitrate greater than said encoded bitrate
and no greater than about said communication
link bandwidth.

40. The computer-readable medium as recited in Claim
39, further comprising computer-executable in-
structions for:

after transmitting said amount of said buffered
streamable media content, transmitting subse-
quent portions of said streamable media con-
tent to said client device at a bitrate about equal
to said encoded bitrate.

41. The computer-readable medium as recited in Claim
39, wherein transmitting said amount of said buff-
ered streamable media content to said client device
further includes:

locating a discrete rendering point in said
amount of said buffered streamable media con-
tent; and
initiating transmission of said amount of said
buffered streamable media content beginning
with said discrete rendering point .

42. The computer-readable medium as recited in Claim
41, wherein said discrete rendering point includes
a key frame.

43. The computer-readable medium as recited in Claim
38, wherein said amount of said streamable media
content identifies an initial period of playback time.

44. The computer-readable medium as recited in Claim
38, wherein said streamable media is selected from
a group of streamable media comprising on-de-
mand media and broadcast media.

45. A system comprising:

a network configured to provide a communica-
tion link;
a server device operatively coupled to said net-
work; and
a client device operatively coupled to said net-
work, and configured to send at least one star-
tup request to said server device over said com-
munication link, said startup request identifying
a streamable media content to be provided to
said client device over said communication link,
a client determined communication link band-
width associated with said communication link,
and an amount of said desired streamable me-
dia content that to be provided at a bitrate great-
er than said encoded bitrate but no greater than
about said communication link bandwidth.

46. The system as recited in Claim 45, wherein said
server device is configured to buffer at least said
amount of said streamable media content, and
transmit said amount of said buffered streamable
media content to said client device at said bitrate
greater than said encoded bitrate but no greater
than about said communication link bandwidth.

47. The system as recited in Claim 46, wherein said
server device is further configured to, after transmit-
ting said amount of said buffered streamable media
content, transmit subsequent portions of said
streamable media content to said client device at a
bitrate about equal to said encoded bitrate.

48. The system as recited in Claim 46, wherein, in
transmitting said amount of said buffered streama-
ble media content to said client device said server
device locates a discrete rendering point in said
amount of said buffered streamable media content
and initiates transmission of said amount of said
buffered streamable media content beginning with
said discrete rendering point .

49. The system as recited in Claim 48, wherein said dis-
crete rendering point includes a key frame.

19 20



EP 1 271 953 A2

12

5

10

15

20

25

30

35

40

45

50

55

50. The system as recited in Claim 45, wherein said
amount of said streamable media content identifies
an initial period of playback time.

51. The system as recited in Claim 45, wherein said
streamable media is selected from a group of
streamable media comprising on-demand media
and broadcast media.

52. The system as recited in Claim 45, wherein said cli-
ent device is further configured to buffer received
streamable media content, and subsequently
render said buffered streamed media content.
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